exophthalmometer reading is lower than 15 mm., nor that it is exophthalmic because the reading is higher than 20 mm. Probably readings lower than 11 mm. can safely be considered as indicating enophthalmos, and readings higher than 24, exophthalmos. In deciding on the presence of unilateral enophthalmos or exophthalmos, the orbital asymmetry of normal persons must be taken into account. In 50 of my series of 200 normal subjects the exophthalmometer readings were the same for both eyes, whereas in 150 clinical cases the position of the two eyes varied from 0.5 to 2 mm. A difference of 2 mm. was present between the two eyes of 43 subjects. It seems, therefore, that before one eye is considered to be enophthalmic or exophthalmic on the basis of a single exophthalmometer reading a difference greater than 2 mm. should be present. It is of interest in this series to observe that the reading for the left eye was higher in 139 cases, and that the reading for the right eye was higher in only 11 cases. This was probably determined by an individual variation in the exophthalmometer or by the method of reading.
The mechanism of the enophthalmos in Horner's syndrome has never been explained quite satisfactorily. Von Michel observed that the enophthalmos may be explained partly by a paralysis of the smooth orbital muscle and partly by a decrease of the fat of the orbit, which is caused through trophic influences. Cobb and Scarlett state: "As the smooth muscles of the eyeball are normally in tonic contraction, they keep the globe forward and the lids separated. Cessation of this function is followed by ptosis, narrowing of the palpebral fissures, and enophthalmos." The failure of operations on the cervical sympathetic ganglions to reduce the exophthalmos in exophthalmic goiter in spite of definite narrowing of the palpebral fissures has made it doubtful whether the state of tonicity of the smooth muscles of the orbit has much influence on the position of the eyeball in the orbit. In the lower animals the orbital muscle has a very definite function to perfoi-m in keeping the orbital wall tense and in protruding the globe. According to Whitnall, however, in man this muscle is purely vestigial, and excitation of the cervical sympathetic nerve does not cause protrusion of the eyeball. It seems probable, therefore, that in paralysis of the cervical sympathetic nerve enophthalmos would occur only after a certain amount of shrinkage or atrophy of the orbital contents had occurred, due to loss of the trophic influence supplied by this nerve, according to Whitnall.
In the experiments of Franqois-Pourfour du Petit and of Claude Bernard (quoted by Fulton), section of the trunk of the vagosympathetic and of the cervical sympathetic nerve in dogs produced immediate retraction of the eyeball into the orbit. That similar immediate enophthalmos does not occur, as a rule, in man was shown by my studies on the eyes of patients on whom cervicothoracic sympathetic ganglionectomy had been performed for the relief of Raynaud's disease and other allied vasomotor disturbances of the upper extremities. Preoperative and postoperative exophthalmometer readings were made in 27 cases. In each instance the postoperative readings were made without reference to the preoperative records. In 19 cases the readings were the same or 1 mm. higher than the preoperative readings in one or both eyes. For some unexplainable reason the readings were 3 mm. higher in both eyes of one patient. The postoperative readings were 1 mm. lower in both eyes of one patient on whom the operation was performed on one side only, and in three patients they were 1 mm. lower in one eye. The operation had no effect on the size of the pupils and on the palpebral fissures of three of these patients. Three patients were observed to have "possible" enophthalmos. One of these, five months after operation, had a reading of 2 mm. lower for the right eye. The narrowing of the pupil and of the fissure was also more marked in the right eye. The second patient had a postoperative reading of 1 mm. lower on the right and 2 mm. lower on the left side; the narrowing of the pupil and of the fissure was more marked on the left side. The third patient had postoperative readings of 2 mm. lower on the right and 1 mm. lower on the left side, and there was marked narrowing of the palpebral fissures, but no miosis. It is possible that the variations in the readings in these cases fall within the limits of error in making the measurements. At least, it can safely be said that enophthalmos as an immediate result of section of the cervical and thoracic sympathetic trunks will not occur in more than 10 per cent. of cases. In two cases no change had occurred in the exophthalmometer readings nine months after operation, and in one case the readings were the same thirteen months after operation (Table 1) . Ninety-four clinical cases of Horner's syndrome were studied with special reference to the presence of enophthalmos. In 47 cases the right eye was involved, and in 47 cases the left eye was affected. In each case failure of cocain to dilate the pupil on the affected side was regarded as the test of the actual presence of a paralytic lesion of the cervical sympathetic nerve. The causes of the lesions were varied. The most frequent cause was pressure from nodes or tumors in the cervical region. These were present in 36 cases, in 19 of which a large adenomatous thyroid gland-usually larger on the side of Horner's syndrome-was presumably the etiologic factor. In 10 cases, Horner's syndrome followed injury to the brachial plexus; in five cases it was presumably congenital, and in five instances it was associated with migraine, and in three with deformities of the cervical and thoracic spine. Other causes were found mainly in individual cases. Among the diagnoses were: syringomyelia in one case; cord tumor in one; traumatic myelitis of cervical and dorsal cord in two cases; multiple sclerosis in two; eficephalitis in three; carcinoma of the lung in one case; aneurysm of the arch of the aorta in three cases, and sarcoma of the wall of the thorax in one case. In 21 cases no adequate cause for the lesion could be found. In most cases it was not possible to learn the length of time that Horner's syndrome had been present. In a few instances, however, a fairly definite history of the time of onset was obtained.
A brief survey of the exophthalmometer readings in this series of cases makes it seem doubtful that enophthalmos is a constant symptom of Horner's syndrome; for, although in 36 cases a lower reading was obtained for the eye on the affected side than for the other eye, in 34 cases the reading was the same for both eyes, and in 24 cases it was higher on the affected side. In order more correctly to evaluate the meaning of these data, exophthalmometer readings in two separate series of 100 apparently normal subjects were taken for comparison. The comparative data are presented in Tables 2 and 3 . The upper and lower limits of exophthalmometer measurements in the series with Horner's syndrome were the same as in the series of normal subjects, that is, 11 and 24 mm. If we accept a difference of 0.5 to 2 mm. in the position of the eyes as within normal limits, definite enophthalmos could be demonstrated in only one case of right Horner's syndrome, in which the readings were 13 mm. in the right eye and 17 mm. iii the left eye. It is of interest to note, however, that in the series of normal subjects there was no instance in which the reading for the left eye was 2 mm. lower than that for the right. In two cases of leftsided Horner's syndrome the reading of the left eye was 2 mm. lower than that of the right. These eyes would probably have to be considered as enophthalmic.
In -the first series of 100 normal subjects the average readings were found to be 17.6 mm. for the right eye and 18.2 mm. for the left eye. In the second series of 100 subjects the average readings were 17.5 mm. for the right eye and 18.5 mm. for the left eye. However, a more critical comparison of the data seems to suggest a certain tendency to enophthalmos in cases of Horner's syndrome, although this enophthalmos is difficult to demonstrate in individual cases and must, in most instances, be very slight. Thus, in Table 2 it may be noted that, although the number of cases in the Horner's syndrome group in which both eyes measured the same closely approximated the number in the normal group, the majority of identical measurements falls into the left-sided Horner's syndrome. In the same way the majority of .the lower measurements of the right eyes falls into the right-sided Horner's Table 3 it may be noted that in 10 of 47 cases of right Horner's syndrome the reading for the right eye was 2 mm. lower than that for the left eye, and in only one of 47 cases of left Horner's syndrome was the reading for the right eye 2 mm. lower than that for the left. In Table 3 it may be observed that in two of 47 cases of left Horner's syndrome the reading for the left eye was 2 mm. lower than that for the right, and in none of the 47 cases justifiable to state that enophthalmos could definitely be demonstrated in only one of 94 cases and questionably demonstrated in two others.
From observations in cases of cervicothoracic sympathetic ganglionectomy it seems safe to assume that paralysis of the smooth muscles of the orbit and eyelids does not have any immediate or appreciable effect on the position of the eyeball in the orbit. If, as a result of paralysis of the cervical sympathetic nerve, loss of the trophic influence to the tissues of the orbit will cause atrophy or shrinking of these tissues and consequent enophthalmos, then it might be expected that enophthalmos would be more marked in the cases of longer duration. However, this is only partly the case. The one case of right-sided Horner's syndrome in 'which the reading for the right eye was 4 mm. lower than that for the left was of twenty-three years' duration. One case of leftsided Horner's syndrome in which the reading for the left eye was 2 mm. lower than that for the right was of congenital origin; the other case, however, followed injury of the brachial plexus ten months before observation. In one case of left-sided Horner's syndrome associated with an adenomatous goiter the right eye measured 16 mm., and the left 16 mm. Two years later, when this patient returned with carcinoma of the thyroid gland, the exophthalmometer readings were 13 mm. in the right and 14 mm. in the left eye. This recession of the globes was due probably to general wasting of the tissues rather than to any specific effect of the cervical sympathetic lesion. In one case of congenital rightsided Horner's syndrome of thirty-one years' duration the readings were 17 mm. in the right and 19 mm. in the left eye. On the other hand, in a case of right-sided Horner's syndrome of forty years' duration due to pressure on the brachial plexus the readings were 11 mm. in the right and 12 mm. in the left eye; in a case of congenital right Horner's syndrome of fifty-seven years' duration the readings were 15 mm. in the right and 15 mm. in the left eye, and in a case of congenital left Horner's syndrome of twenty years' duration the readings were 15.5 mm. in the right and 16 mm. in the left eye. More convincing still is a case of left Horner's syndrome associated with syringomyelia; the readings were 15 mm. in the right and 16 mm. in the left eye, and seven years later the measurements were the same.
If we recall the great variability in the origin and course of the sympathetic fibers to the face and eye, and the marked inconstancy of vasodilatation and anhidrosis in association with the more constant symptoms of narrowing of the pupils and of the palpebral fissures in paralytic lesions of the cervical sympathetic nerves, we can readily assume that injury to the trophic fibers may also be inconstant. It is known, also, that vasodilatation, even if it occurs immediately, usually does not persist, whereas narrowing of the fissures and of the pupils generally does persist. In the same way the injury to the trophic fibers of the nerve is probably often not permanent. It would seem reasonable, then, on purely hypothetic grounds, to expect that actual enophthalmos would be an inconstant feature of Horner's syndrome, especially since it is probable that the trophic fibers have their origin at a lower level in the cord than do the oculopupillary fibers. This reasoning seems to be supported by the exophthalmometer readings. DR. HENRY P. WAGENER, closing: The only suggestion I have to offer is that our more mechanically minded members might try to construct a better exophthalmometer, since in these studies I have found that it is extremely difficult to secure accurate comparative readings.
In certain cases of exophthalmic goiter progression of the exophthalmos may be an important indication of the necessity for operation. Internists who are doing thyroid work make use of the exophthalmometer in watching these cases. The present instruments are not, in my opinion, accurate enough to permit one to determine positively small degrees of progression.
